
.

. .

NATIONALADWSORYCOMMITTEE
FORAERONAUTICS

. ..-.— ,,

TECHiYICiiI.iiOTE

No. 1173

FLIGHTMEASUREMENTSOFINTERNALCOCKPITPRESSURES
m SEVERAL%HTER-TYPEmLANEs

By EdwardC. B. Danforti, IIIandJohnP. Reeder .

LangleyMemorialAeronauticalLaboratory
LangleyField, Va.

.--—
\

Washington
February1947



r
NATIONALADVISORYCOMMITTEEFORAERONAUTICS

TECKN’ICALNO’I!ENO.1173

FLIcxn’MEAtsmmmmsOFINTERNALCOCKPITPRESSURES

TN SEVERALFIGHTER-TYPEAIRPLMEX3

By EdwardC.B. Panforth,IIIandJohnP.Reader

WM’4AIw

Flightmeasurementsof internalcockpitpresmrehav9 beenmade
inseveralfighter-t,ypeairplawsequfppedwitheitherconventional
orbubbleoanopigs.Dataarepresentedshowin~thevariatio~in
cockpitpressurewithindicatedaireyeedendangleof sideeli~fog
boththecanopy-closedandthecanopy-opencondlkions.Tineeffect
ofadmittingthecocmitven.tikti~air.iS s.ho_W_fo_r_gneairP~W~
Thechangoin cockpitFressureaccompanyinga c-e inenginepowe~
isshowntobe small.Dataarepr6sentedshowingthewiriationof
cockpitpressurewithnormalaccelerationata constantvalueof
free-streamimpactpressure.(Ata givenliftco-efficientthe
cockpitpressureexpressedasa fractionof free-streamimyact
pressurea’hovefrm-streamstaticpressureisshowntobe inde-
pendentofnormalacceleration.A methoclIsoutlinedfor-predicting
thecockpitpressureinacceleratedfli@t frommeasurementsmade
inunacc&~ted flight.

INTRODUCTION

Theneedfora moreaccuratepredictionof the1~~ onth~..
cockpitcanopiesof serviceairplaneshas%eenmak eVi&lltby the
occurrenceofcanopyfa~.luresiaflight”enddjfficultic:sencountered
inopeningandjettleonlr~thecanopies.@ orderto-predictthe”
loadona oe.nopyit isnecessarytoknowtl?eFressuredistribution
overtheoutersurfaceof thecanopyandtheinhs%ndpressure
wtthinthecockpit.ThG externalpressuredistrilwtionmayhe
readilydeterm?.ned-fromwind-tunnel%st.sofmciidscx~tedby the
methodof raforence1. Cockpit.pressurecannotordinarilybe so
dete~~.d,becauseof’thediff~.c~tyof’estkting themzgmitudeof
theleakare-asthatwouldbe pr6sen%inthecanopyandcockpitof
the~roposedairplane.



.

.

2 ~CA ~ NO,11~~

.
Flfghtdataon internalcockpitprpseureehavebeencollected

forrepresentativeconventiomlandbubblecanopiee,andare
presentedhereinasa partofa generalprogramtoinvestigatethe
pressuredistributionon cockpit cemopiesinflight.Thedataare
presentedtoindicatethemagnitudeandvariationof theinternal
pressuresthatmay3e expectedandareapplicabletootherairplanes
whoseconfigurationandcockpitleakageare@milarto thosetested,
It istube expectedthatairplaneswithsimilarconstructionwould
havesimilaramountsofcockpitleakage,No evaluationof design
criterionsismade.

Thedatainthepressntpaperwouldalsobe cd?interestin
connectionwithcarbcm-mmoxideEdmdiesandtheproblemofheating
andcoolingthecockpit.
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.SYMBOLFI

airplaneliftcoefficient

fnternalstaticpressureunder
foot

—

canopy,poundspersqure

externalstaticpressureovercanopy,poundspersquare
foot

fre=treamstaticpressure,poundspersqueref’oot

free-streemImpactpressure,poundspersquarefoot

internalpressurecoefficient

externalpressurecoefficient

calibratedairspeed,milesperhour

angleof sideslip,degrees

accelerationduetograyity,feetpersecondpersecond

APPARATUS

Equipmentinstalledforthe.presenttestsincludeda differmtlsl
pressureindicatortomeasurethedifferencebetweencockpitpressure
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andfree-strccmstaticpressure.mdjforairplonesD cndE, & .yaw-
angloindite.torconnectedtoe studcr’dNACAyawv~n~,Tho
atrapecdVc ~~d~w~ct??r~ssure~C W=XIOb~@ed ‘rem‘he
readingsof theserviceairspeed-i.ndictitors.

TESTS

Thetestsconducted.on ezch.Mrplamarcsummrized3n tdle 1.
Alldatawereobtainedundersteadyconditionsofflightandall
prosmrcshavebeencoricctcitforinstallationendhccxlerrors.

Sinceno altitudeprcasurenocsuromcntsereavailable,all
cockpitpressuresinthisreportarop~esmtedCS functionsof the
imyactpressureqc. Althoughthocockpitpressuramaybemore
nearlya functionof thedynamicpressuzzeq, theerrorincurred
throughtheusoof qc shouldbe mall.

RESULTSANDDISCUSSION

EffectofCanopyShmpe

Thoprsssurewithinthecocl+itofan airplameinfltmt is
dspendentupm tholeakareasthroughwhichairmayflowintocad
outof thecockpitandthepressuredropacrom thcaeleaks.In
gemral,airentersthecockpitfromsomehigherpressureregion
suchas the=il-coneoyeni~endloavesthroughldcs inand
aroundthecanopytothelowerpressureregionsurroundingthe
canopy.

Pe - yo
Theexternelpressurecoefficient qc isdependentupon

thesize,shape,and.m@.eof&ttackof thecanopy-d itslocaticm
tithrespecttothepressux-of~eldsof thetingendfusolago.The
higherandmore,ahruytthsprofi.laof theCmOFy:the~ea.terthe
mngnitudeof theextomalpressurecoefficientandthelo%:orthe
pressureinthecockpit.Anyleakscommun<catl~;w:thhighnegative
p:’essureregionsof thewingorfuselagetillfurtherrcxlucethe
coc@3itpreseuro.

Sideviewsofallairplanestiscuseedareshowninfigure1,ani
thegenmzl.effectofccnopyprofi.1~on inticrnalcockpj.tpressure ‘
with~py closedis indicatedinfigme 2. It issecm.thctthose
airplcneswith10W,flatcanopyprcfiles,suchP+~iZ@all.eSB andF,
experiencetheleastcockpitdeprcosion.Theinternalprcsfiur~
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TheshapoofthecanopyWCSnottk onlyfactorcontributtneto
thelC?Wcockpitprc’ssure~rac,asumdinai”rplancsA andC; Fora~r-
planeA, airflowthroughthecracksat.thebottomof thedoorsto
thelow-proswurefieldof thewinsc&us&iunadditiond.dropin
cockpitpressure.Thslmk areaGroum”theca.nop~ofairplaneC wm
largeh conqmrisonwiththntforsimilcrtyp.sBof cnopyconni*rmi
infi6yxrc32.

..
ThepressvrosSIIOWIIti drplancBare notquitecompcrabluwit-h

thrras~of tho&’.t&inflguro2. ltWC$Snot po~siblcto EhUt.Off
.-

conplctelythevcntilatin~&irinthisq3rplonc;consequent-1.y,th~
cockpitwcsramd ul:@tly.

-. .—.

W~ththoexception~f thedataforc.j.rplanasD endE,.alldata
prcsontedhereinworeobtcin.cdfromi’1~.:@tmwmrmonts madeovortm .
extendedperiodoftimeas thoairplcnoibccamccLvcctkblG. ErrorQ
duoto slightlyopenvuntllutor~,thercforo,my be presentfcd - J
r.irplanes otherthandzplanoB. FromiwlwctionOf th:~ tits,

however,itappearsthatifsuchGrrorsaropres>nttheyaremuch
sndlcrthnnthctforcirplcncB. i

EffmctofOpeningCcQ_Lopy

OpeninSthewindowsor cenopyofanntrpl.e.noincroascstheoasc
withwhichairnnyflowoutof thecoc~it,andthuslowersth~
cockpitprown.m%stillfurtherforc gtycnvaluGof qc or hCri.C18@

theratoofdepressionwithspeed.Thevariationof cockpitpreemuv
with qc withcanopyopenisshownfor:several.zirpleneaM
fi~rc 3. Thew@_ationwithcanopyC1OSW3is Includedoneach
fit~urcfforcompaz~son.

TIMdropincockpitpresaurocause?ti~openingthacenopy
amounted.toabout0.17qcforairplaneA, about0“.22qc””forctirphn.cs

Br.ndC,andabouto.28~,CforairplanesI).cndE.

Forairpl~n~sD andE thoccckplt.proeuurepickupwcucttichod
.

directlyto thoin~:ldGofthocanopysotkt, v~.ththecanopyclosed,
thoplckuywasJustabovethepilotrshuad. !I%IIStheindicated x
pressuroWLZSatalltimesFoproscntatjvcof.thetnt+m,l.loadon tho
cm.opy.Fortheothorairpl.mesthuprosourepickupswtirOattached
to th~uppcn?riL@t-hoxyipartofthoinetrumntpczml,Thedata
pr@scntedforairpbnG C tit,h.ccnopyopen(fig.3(c))arcsubject
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to q~~~t~~,s~~c~~th ~ sl~djngcmo~~ of thist~c (fig.1(C)) &“

pressureinthecockpitmaynotbe equaltotheinternalpressure
acting011 thecanoPy.No questionofthisnatureispresentinthe
dataforairplanesA orB sincethecanopiceof thoseairplanes.&ro”
equippedwithwindowsmndarenottheslidin~twe.

EffectofSideslip

Ina sideslip,theas.ymmetr~calflowoverthecanopyc=asesthe
externalpressurecoefficienttobecomemorenegativeandtherefcre
causestheinternalcockpitpressure“todecreasastillmorerapidly
with qc.At a givenspeedthecockpitpressuremaytioe~ectedto
decreaseas theengleof sideslipis increaseduntilthecanopy
stalls.

Theeffectof sideslipon cockpitpressureis shownin
figures~(a)amd5(b]forairplanesD andE, respectively.With
canopyclcsed,at a givenairspeed,thecockpitpressure3s seen
todecreasestU3.furtlnerwithangleof sideslip.ForairplarmD
at 2X milesperhourwtthcanopyclosed,20°rightsideeli~caused
thecoc~itpressuretodecre&seby 18poundspersquarefoot.With
canopy-open,ata givenairspeed,thecockpitpressu~eincr.sases
withan,~eof’sideslip.In thiscasetheaircomesdirectlyInto
thecockpitandhasa rammingeffect.At 200milesperhourti-th
canopyopen,10°leftstdeslipcausedan increase$n cockpit
pressureofabout35poundsporsquarefoot.

In figuresk(b)and5(%)thedatahavebeenreplottedagainstqc
forccnstantangbs of sideslip.Withcanopyclosad,therateof
chsngeof cockpitpressurewith qc increasesm“.thangleof stdcslip.
Withcanopyo~en,theaffectofsidcsltpat a givenspeedisto
increasethecockpitpressure.Thoover-alleffect,ofincreasingtb
speedate constantangleof sidoslip,howevor,Istodecreasethe
coclgityressure.

It shouldbenotadthatforairpl.e.no.D allsideslipdatefortlm
canopy-closedconditionweremeasuredwiththeventilatinga:rfull
on. Datatobe pres~ntedfn thefo~owingsectionindicatethe.t,with
canopyclosed:thera.mai~actionof theventilatingairincreased
thecockpitpressureby apprcxi~telyO.()?qc, W~ththevontikting
at.roff,thecockpittemperaturewasUnbearableandprccludeii
obtainiqdatafor‘&:sconditton.~0 SUChd:ff~cultyW&M f3~COUI&I13d
W-th airple,n,c E. Themqnitudeof thoprcssuwsohta:nedinsidcslip
intheairplan.csD andE arethusnotdirectlycomp~rablo,butitis
feltthatthec&nge incockpityr~ssureperdcgreoof aidoslipangle
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be comparable.The cockpitpressureappears
rapidly forairplaneE *& forairplar~D

althou~h3tisdiff~culttoreachanydefin~.teconclusionskwcauso@?
t,heli&t@ ~unt of dataforairpl&mII, —

EffectofVentilatingAir

MeasurementsweremadeinairplaneD as anexampleof the
magnitudeof thepressurechan~eswithin.thocockpitwiththb
ventilatingaironayioff. In spiteqf-%hehid cockpittcmpcratutia
measurementscouldbe obtainedinstraightflightby turningth?
ventilatinga~roffJustlongenou~ toread.thecockpi.t-preseuro
indicator.Thesedataarepresentedinfigure6.
airhaatheeffectoframmingthecockpi$andfar
cockpitpressurpswere.irlcreasedbympprqx:.matmly
thespeedr%mg~tested.

EffeCltOfflower.

Measuremcmtsof cockpitpremuroin:thepnwer-offcondition
haveb~enradeinairplanesA,B, andC andaropresontcdin
fibnres7(a),7(h),and7(c),rcspective~y.Thecockpitprcssuro
withpoweroffWELSabout~ poundspersq~arefoothi~e~ thenwith
:mweronbecaus~oftheloweredvelocity-overthecamopYinth~
absmcoof th~propellcmgllpstrco.m.Thedatafora~rplaneB
(fig.7(b))areunusualinthat,athighsyecds,lowercockj~~ls
pressureswereobtainedw!thpoweroffthanwithpowsron.
r~stitisdueto thGs~ghtlyopenCockpjtventilator.The
ventilatingair,com~,ngfromtheentranceofthomdiatorduct,
wouldbe ata lowerpressurewithpowor.~ff!@n @.thpgycr-on.

—

J

-. --
..

—.

Theconsequentrcductilcminflowofthr:vknt!latingairwaeapparently
.

enouphtomorethancompcnsatufortb rwiucedvelocityov~>r+.he
canopy.

Effo.ctofNomalAccolcration

ForUnaccelerated.flightiityesfoupdconvcn?.ent
COdQitprGflSUrOdiff~rent?lalPI - p. a&3in~tqc)
forthoeffectofcompress3.b-ility,q. 5sa function

.,

toplotlJlc %
Sincb,9“xcGpt- —

of thoattitude
of theairplane.Thismethodofplottingthedatacank oxtmded
toaccoleratodflightby rctainjngthonormalaccclcr~tlonasa

K

paremoter.
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Measurementsof coc~itpressurehavebeenmadeinairplaneB
inturnsundernormalaccelerationsof 2 g and3 g ,-Thesodataam
presentedinfi~roWa).Thecockp~tpressureata constantvalue
of qc is soonto increasewithnormalaccelerationata rate,@
about5 poundspersquarefootperg.becauseof theincreasingangle
ofattackof theairpbne. Tn fi~e 8(12)thesedatahavebeen

Pj.- 20replottedas — % a@.net CL andarethusindependentofthe
normalacceleration.

Thecockpitpressureinqccd.ei-atodfligM canhe obtainGdfrom
n.-n

measurementsmadeinunacceleratedflight.Since ‘= ~c”o is solew

a fUnctiOnOf CL, f.t?.snecessaryonlyto calculatethe qc
correspondingtoa givenvalueof CLinacceleratedflight-and
multiplyitby thevalueof Pi.-pO corrgs~~dl~to thtiS- .

qc
~lue of CL inunacceleratedflight.

ThesocalculationsweremadeforairplanesA, D, andE inthe
canopy-closGdcondition,andtheremil.t~obtdncdhavebeenplottecl
infigures9,10,and11,respectively.AirplaneE,whichshowedthe

largestvariatiaof Pi - ‘0 with CL,hae,naturally}thegreatest
~c

changeincockpitpressurewithnormalaccelerationat a constant
valueof qc ~fig.12). Theeffectofaccelerationisnotsogreat
forairplaneD (fig.10)as forairplaneE. Itwillbe notodthat
thecockpitpressuresdecreasewithnonralaccelerationforairplaneA
at valuesof qc below240lb /sqft (fig.9(?2))andtheslopeof
thecurveof Pi - Po againstCL changessign.Thiseffectisprobably

%
theresultof excessiveledca~eofairfromthecockpitto thelow-
pressureregionofthewing-fuselagejunctionat thehigherlift
coefficients.

,SUMMAPYOFRESUZTS

An analysisof internalcockpitpr~ssuremeasurmcntsforsix
fighter-typeairplanesshowedthepressurotithinthecockpittobe
almostinvariablynegativewithrespecttofree-streamstatic
pressure.As inthecaseofairplanesB andD a smallpositive
cockpitpressur~my bo expoctmdat lowspeedswithventilatingair
on. In straightflightwithcanopyclosedthecockpitpressuresfor
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allairplanestestedmpged%etweenthepreesurespmasuredIn
airplanesA andB. Theinterual.pressurgcoefficient-wasalmsst

-.

zerointhecase‘ofairplaneB butwasas.Weatas-0.17fur
airplaneA.

Openi~thecanopyIn straightflightalwayacau~eda further
dropincockpitpressure.ForairplaneA thisdropamountodto
about0.17~ (whereqc isfree-streamimpactpressure),forairplaner3
B andc toabout0.22qc,andforairplanesD andE to shout0.28~.

Theeffectof sideslipwastodecrcaeefurtherthecockpit
pressurewithcanoyyclosedandto increaseitwithcanopyopon.
ForairplaneD at 250milesperhourwlth:canopyclosed,20°right
sideslipcausedthecockpitpre$suretodecreaseby 18poundsper
squarefoot.At 200milespei’hourwithcanopyopen,10°left
sideslipcausedan increaseincockpit~ressureo~abowt35‘pounds
persquarefoot.

TheeffectofadmittingthecdrptiventUatinEairi~ to
increasethecockpitpressureand,forthqcaseofairplaneD,
amountedtoabout0.07~ throughoutthespeedrangetwted.

x.

Fortheairplanestested,thocockpitpressureInthopower-
offconditionwasfoundtobe about5 po~dspersquarefoothigher

i

thanthatmeasuredwithpowercmat correspondingairspeeds.

Theeffectofnormalaccelerationon cockpit’prepsure.wasfound
tobciabout5 poundspersquarefootperg at”aconstantvalue
of qc forairplaneB. Theinternalpre8surecoefficientwhbn
plottedagainsttheairplaneliftcoefficientisindependentGf the
normalacceleration.

LangleyMemorialAeronauticalI@oratory
NationalAdvisoryCommitteeforAeronautics,

LangleyFlelA,Ta.,July26,1946.

1.Wright,RayH.: EstimationofPressuresonCockpitCanopies,
Gun!Pu’mets,Blisters,andSimilarProtuberances.NACAA(IR
No.LKUO, 19440
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TABIEI.-AIEIANE3TESTEDANDTE317CONDITIONS

I

S!&eBlips;Ven~il.atjq Effect
testedcanopycanopy canopy a:!ronand Poweron ofRoml

closed open, closed off;canopyand.off acceleration
At~LmM endopen closed

A x x x

B x x x x

c x x x

D x x x x

x x x x

1?. x

#
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(a)AirplaneA.

Figurel.-Sideviewsof test airplanes.
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[b) Airplane B.

Fi!wre 1.- Continued.
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(C] Airplane c,

FiFure1.- Continued,
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[e)AirplaneE.

Figurel.- Continued.
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(f]AirplaneF.

Figure1. Concluded.
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QomparlsonofcockpitpremureswithcanopyoloBedandpowa!onfor
airplanesShowingtheva~latlonofcookpi~pressurewithshapeofcanopy. 2
ventilatoralightl~openforairplaneB. .
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F%ure 3.- Variationof cockpitpresaure
oanopyclosedendcanopyopen. Power
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oonstantoallbratedairspeed.
pressure for airplaneD.
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Vc=300mph

O coflo~y closed
❑ Caoopy open

(a) Variationwith angleof sideslipat oonstantoalibrated airspeed.
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(b) Variationwith ~ at oonstantangle of taideslip.
Figure 5.- EffeotofsidesliponoookpitpressureforairplaneE.

Ventilatingairoff;poweron.
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Figure7.- Ef feetof enginepoweron oookpitpressure.
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(b) Variatimof = Wth ~ . = dataas for fi~e $(a)“
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Figure8.-Hf eot of normalaooeleration on oookpltpreesurefor airplaneB with
Omqy oloaed,polleron, and oookpltVmtllatOr ali$$tlyOPm.
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Figureg.-Effeotof normalEoceleratimon cookpitpressureforairplaneA.
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(b) Oalqulatedeffeotofnormalaooeleratimon oookpitpremure.
TigureJ10.-Effeotofnormalaooeueraticnon oookpitPr9saureforairplaneD.
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